). tomycin B (LMB)-sensitive nuclear export. This is a
pressing Tor-HA-CycA into membrane and cytoplasmic neither cytoplasmic nor nuclear localization during early prophase stages is required for mitosis 16 in epidermal fractions and found Tor-HA-CycA specifically enriched in the membrane fraction ( Figure 2F ). This indicates that cells. We then addressed if CycA localization is important for any of the other mitosis that occur during develTor-HA-CycA is confined to the membrane compartment within the cell, and the observed staining in older opment. Unfortunately, the endogenous CycA promoter is large and not well characterized. Therefore, we used embryos likely reflects the presence of this construct in the endomembrane system. These localization data the ubiquitous daGal4 driver line, being aware that unpatterned expression of CycA might disturb developshow that the used heterologous localization signals are functional in Drosophila, redirecting the CycA conment. When expression was at moderate levels, CycA mutant flies were recovered that express HA-CycA ubiqstructs to the desired locations.
We now asked if the differently localized CycA conuitously. As expected from an unpatterned CycA expression, flies were recovered at low frequency and showed structs were able to fulfill the mitotic function of CycA. Epidermal cells lacking CycA fail to execute the 16 th various abnormalities, like rough eyes, bristle defects, and reduced viability (see Figure S2 ). But this experimitosis [2] . As a consequence, mutant embryos have fewer but bigger cells compared to wild-type (Figures mental setup allowed us to test if HA-NES-CycA or HA-NLS-CycA were able to support all mitosis during em-3A and 3B). Expression of CycA from a transgene can overcome the mitotic defect best seen by a comparison bryonic and larval life. In both cases, we recovered CycA mutant flies at similar frequency, indicating that they of CycA mutant cells with those that express CycA. We used the prdGal4 driver line [8] to achieve expression in can mediate proliferation throughout development. This shows that the normal subcellular dynamic of CycA is every other segment and compared abdominal segment A1, in which prd is active, with segment A2. Figure 3C not essential for proliferation. The expression of Tor-HA-CycA during embryogeneshows that expression of HA-CycA results in increasing cell numbers and reduction in cell size, indicating that sis in a CycA mutant did result only in a limited increase in cell number ( Figure 3D ). On the other hand, we ob-HA-CycA can restore mitosis in CycA mutant embryos. Cell numbers of a given area were counted and are served a high number of cells positive for the mitotic marker PH3, indicating that this construct was able to represented in Figure 3D .
We first tested if HA-NLS-CycA and HA-NES-CycA induce mitosis ( Figure 4B ). Cells positive for the PH3 marker were also visible very late during embryonic dewere able to overcome the CycA mutant phenotype in epidermal cells. As shown in Figure 3D positive PH3 signal. In agreement with such a mitotic shown in Figure 3D , the ability of Tor-HA-CycA to induce mitosis was underrepresented. Therefore we counted defect, we noted incomplete degradation of Tor-HACycA, suggesting that residual CycA associated kinase nuclei and observed a significant increase upon Tor-HA-CycA expression. In addition, we expressed this activity beyond metaphase either directly or indirectly caused this defect (data not shown). Since cell numbers construct in CycB;CycA double mutant embryos that arrest one cycle cell earlier, before mitosis 15 [13] . Also, based on the cell outline were integrated into the data 
in this situation, increased cell numbers were observed
In vertebrates as well as in Drosophila, overexpression of CycA results in ectopic S phases [20] [21] [22] . In addition, ( Figure 3D) . We conclude that a membrane-anchored form of CycA is able to induce mitosis. nuclear CycB1 was shown to be able to induce S phase in vertebrates [23] . We tested if the subcellular localiThis raises the following question: how can nuclear mitotic events be triggered when CycA-dependent Cdk1 zation of CycA is important for S phase induction by expressing the different CycA constructs during eye activity is prevented from entering the nucleus? The three mitotic cyclins in Drosophila, CycA, CycB and imaginal disc development. Figure 4D shows Figure 4E ). At present, we do not know how membrane anchored CycA can in vitro, but neither induced proliferation in a CycA mutant background ( Figure 3D ). When we analyzed CycB induce S phase, which is a clear nuclear event. Possibly, Fzr is inactivated in G1 by the Tor-HA-CycA that is not protein distribution in CycA mutant embryos, we noticed that CycB was degraded prematurely in cells that would degraded efficiently during mitosis and persists in the G1 state. After Fzr inactivation, the half-life of endogenormally go into mitosis shortly-thus in the G2 stage of cell cycle 16. This can be seen best in CycA mutant nous CycA during G1 would be increased and could trigger the observed S phases. embryos in which every other segment is "rescued" by HA-CycA, or even Tor-HA-CycA (Figures 3F and 3H) .
In signal (NES) was derived from human PKI, and the nuclear import sequence was adopted from SV40 large T antigen [9] . Heterologous localization sequences were inserted between the HA tag and the coding regions of CycA or CycB by PCR-based cloning. Tor-HACycA was cloned by ligating a BstEII, Klenow, XbaI fragment of pBtor (pTU002) into an NcoI, Klenow, XbaI backbone of pBSK-HACycA (pTS006). To generate transgenes, the constructs were subcloned into the pUAST vector [8] . Detailed cloning strategies and sequences for oligos are available on request. In vitro transcription was done with the MEGAscript SP6 kit (Ambion). In vitro translation, Cdk1-CycA complex formation, immunoprecipitation, and kinase assays were performed as described previously [31].
Drosophila Strains
Transgenes were generated by using standard fly techniques, and expression of the transgenes was performed with the help of the UAS-Gal4 system [8] . Driver lines were matGal4, prdGal4, and daGal4. The allele CycA C8LR1 was used as a lack-of-function CycA allele. To be able to express the transgenes in the CycA mutant background, the prdGal4 driver line was combined with the CycA C8LR1 mutation by recombination. Embryos mutant for CycA were identified either by the absence of the TM3 balancer marked with a UbxlacZ reporter or by the absence of TM6 marked with tubby. As wildtype reference, we used a white strain.
mRNA Injection, LMB Treatment, and Fractionation of Drosophila Embryos mRNA injection of Tor-HA-CycA was performed as described previously [5] . Leptomycin B (LMB) was obtained from Sigma. Treatment of Drosophila embryos with LMB was essentially performed as described [32] . For fractionating membranes and generating cytoplasmic extracts, we followed protocols described in [33] .
Detection of S Phases
BrdU incorporation in Drosophila embryos or eye imaginal discs was monitored by using protocols previously described [20, 24] . 
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